Objectives-To discover how the age when a given dose of ionising radiation is received (exposure age) affects the subsequent cancer risk, and whether the types of cancer caused by repeated exposure to small doses during adult life differ from naturally occurring cancers at that age. Method-A nested case-control design with all possible controls in a cohort of nuclear workers, and a Mantel-Haenszel test (requiring only one degree of freedom) to discover whether there was any level of exposure age where the null hypothesis of no effects of radiation was rejected. This analysis was followed by inspection of how different types of cancers were related to the cancer risk. 
The purpose of the present paper is to show how the cancer risks of nuclear workers are related to the age when each annual dose of radiation is received (exposure age), and to discover which types of cancer are most likely to be caused by these occupational exposures. This choice of objectives was a direct consequence of two, independent analyses of exactly the same data coming to very different conclusions. Thus, according to Gilbert et al (whose method of statistical analysis made no allowance for any cancer modifying effects other than lag period) "Updated analyses of mortality of workers at the Hanford site provide little evidence of a positive correlation with cumulative occupational radiation dose and mortality from leukaemia andfrom all cancer except leukaemia. Estimates of the excess relative risk per 10 mSv are consistent both with no risk and with estimates obtained through extrapolation from high-dose data".'
But, according to Kneale and Stewart (whose analysis allowed for cancer modifying effects of three factors other than radiation dose)
"by a conservative estimate, about three per cent of the pre 1987 cancer deaths of Hanford workers had occupational exposures to external radiation as the critical (induction) event. These radiogenic cancers were evenly distributed between five diagnostic groups, but as a result of there being greater sensitivity to 'cancer induction by radiation' after than before 50 years of age, they were concentrated among the cancers which proved fatal after 70 years of age".2
In the Gilbert et al analysis comparisons between the nuclear workers and national statistics (standardised mortality ratio (SMR) analysis) were followed by an attempt to estimate the excess relative risk with the personyear formulation of the Breslow and Day linear model of relative risk and observing the effect of different lag periods (ERR analysis).' In the ERR analysis by Kneale and Stewart an alternative formulation of the Breslow and Day model was used-that is, the Cox risk set formulation,4 as this allowed modelling for any dependence of the cancer risk on factors such as the age when each annual dose of radiation was received (exposure age), the calendar year of each annual dose (exposure year), and the interval after exposure (cancer latency).
The two discordant analyses of Hanford data have since been followed by an analysis of pooled data from the United States, Canadian, and United Kingdom nuclear facilities.5 On this occasion the ERR analysis of Gilbert et al was used to show that the excess relative risk of leukaemia and other malignant neoplasms was not significantly different from estimates based on atomic bomb data. There was no attempt to discover how the numerous exposure ages of long term workers influenced the cancer risk, and no mention of any Kneale et al analyses of Hanford data.26 Hence the need for further tests of age related effects of radiation, bearing in mind how little is known about these effects in situations where there In the 1993 analysis of Hanford data by Kneale and Stewart the parametric forms were step functions. In other words, for all exposure ages below a critical age (determined by the parameter) the dose weight was zero, and for all higher exposure ages there was a constant weight. The latency factor was treated in exactly the same way and thus was equivalent to the "dose lagging" procedures of Gilbert et al.' However, the constraints of this model prevented consideration of more than one modifying factor, and the alternative model of Kneale and Stewart had no such constraints and produced both a critical value for minimal latency that was close to 15 years and a critical value for the youngest exposure age with any detectable effects of the radiation that was close to 60 years. Kneale and Stewart also showed that their second modifying factor (exposure age) was the principle reason why they found evidence of a dose related cancer risk-which was robust to a wide range of possible sources of error or confounding-and Gilbert et al failed to do So. 2 The Kneale and Stewart findings for exposure age have not gained wide acceptance, possibly because they conflict with official interpretations of atomic bomb data.9 Hence, the present attempt to show that, if there is earlier expectation that the minimum cancer latency is close to 15 years, and that the cancer induction risk is different during early and late phases of adult life, then a relatively simple analysis of Hanford data would allow one to see the part played by exposure age in the cancer risks of nuclear workers and other people repeatedly exposed to low doses of ionising radiation.
MATERIALS AND STATISTICAL ANALYSIS
The Hanford data have already been described.'2 They include records of 35 868 badge monitored workers (mostly men) whose employment ages ranged from 18 to 65 years, and whose employment periods ranged from less than one to more than 30 years; and for each worker there was a set of annual doses of external penetrating radiation compiled from daily or weekly doses recorded on film badges. The mean annual dose rate was less than 12 From atomic bomb data has also come the idea that radiation is more likely to cause leukaemia than other cancers, and the idea that there were no lasting effects of the tissue damage caused by cell deaths from radiation.' 14 Numerous tests of the RERF assumptions have satisfied radiation protection committees. 8 However, an independent analysis of atomic bomb data recently found both evidence of selection effects of deaths before 195015 and evidence of late effects of marrow damage. ' 
